
FEEDING EXPERIMENTS ILLUSTRATING THE
IMPORTANCE OF ACCESSORY FACTORS IN
NORMAL ,DIETARIES. BY F. GOWLAND HOPKINS.

(From the Physiological Laboratory, Cambridge.)

THE experiments described in this paper confirm the work of others in
showing that animals cannot grow when fed upon so-called " synthetic "
dietaries consisting of mixtures of pure proteins, fats, carbohydrates,
and salts. But they show further that a substance or substances present
in normal foodstuffs (e.g. milk) can, when added to the dietary in
astonishingly small amount, secure the utilization for growth of the
protein and energy contained in such artificial mixtures.

The particular experiments, of which an account is now to be given,
were undertaken to put upon a more quantitative basis results which
I obtained as far back as 1906-1907 1. Since that time, a fuller
realization of the fact that (leaving on one side the influence of the
inorganic constituents of dietaries) protein supply and energy supply
do not alone secure normal nutrition, has ariseni from the extremely
interesting recent work upon the etiology of such diseases as beri-beri
and scurvy2. It is not surprising that much work is now beingf done in
connection with the subject; and since the experimental results given
in this paper were obtained, the publications of others have covered
part of the ground. In particular I may refer to the work of Stepp"
upon mice, and to the extensive researches of Osborne and Mendel4
upon rats. But the observations now to be described differ in some
important details from those of the authors quoted. They bring out in

1 The results of experiments made at this time were summdised in Lectures delivered
at Guys Hospital in June 1909. Owing to subsequent ill health these Lectures were never
published. The results given in the present paper were communicated to the Biochemical
Club in October 1911. See also Analyst, xxxi. p. 395. 1906.

2 For references see Casimir Funk, This Journal, XLIII. p. 395. 1911; also Journ.
of State Medicine, June, 1912; and Holst, Journ. of Hygiene, vii. p. 619. 1907.

3 Stepp. Bioch. Ztsch. xxii. p. 452. 1909; and Ztsch. Biol. LVII. p. 135. 1911.
4 Carnegie Institution, Publication No. 156, Parts I and II. 1911.
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particular the marked influence of minute additions of normal food
constituents in promoting the nutritive power of synthetic dietaries.
Stepp approached the subject on the lines of an attempt to estimate
the importance of lipoids in nutrition. He fouind that food nmixtures
after extraction with lipoid solvents could not maintain life in mice.
The total material extracted by the solvents when added to the diet
made the food efficient once more; but Stepp was unable to obtain
this result by adding any Jnown lipoid.

The earlier and greater part of the valuable and critical work of
Osborne and Mendel was directed to the question as to whether life
could be maintained upon a dietary containing a single individual
protein instead of mixtures of proteins such as normal dietaries
comprise. Their experiments led them to answer this question in the
affirmative. Maintenance is possible so long as the protein stored is
one not deficient in individual amino-acid groupings; but as was
inevitable, their earlier experiments led these authors to realize the
importance of factors other than protein and energy supply, and they
found in particular that synthetic dietaries which were capable of
maintaining the life of full-grown rats (at least in individual cases),
were quite unable, no matter what the protein, to maintain the growth
processes in young animals. Of this fact I have lona been aware, and
I have long known from my own observations that extremely small
additions of tissue extracts, etc., were sufficient to induce growth, but
until the present set of experiments were undertaken I had obtained
no data as to how far the amount of food actually eaten intruded as
a factor in the phenomenon. An accurate estimation of the amount of
food eaten under the conditions of varied growth forms a special feature
in the experiments now to be described.

Osborne and Mendel in their later experiments show that the
addition of milk products to the food promoted rapid growth in rats
which had remained stationary in weight when on the original artificial
dietary. The material added they term "protein free milk." It was
prepared by removing as far as possible, by precipitation and
coagulation, the proteins from fat-free milk, the fluid being then
evaporated at low temperature, and the residue ground to powder.
This material was primarily used "to furnish the inorganic elements
of the diet," and was added to the artificial dietaries in com-
paratively Iarge amount (28-2 0/0 of the total food mixture), in which
it replaced part of the pure carbohydrate. In my experinments, while
the artificial diet consisted of casein, fat, starch, sugar and inorganic
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salts, the addendum consisted of milk itself; but this was given in such
small quantity that the total solids contained in it amounted to no
more than from 1 to 3 or 40/0 of the whole food eaten. This small
addition induced normal growth upon dietaries which without it were
incapable even of maintenance. A special feature of my experiments
was the rigorous use of controls. In each and every experiment two
sets of rats, chosen carefully so as to show correspondence in the
weight, sex, and origin of the individuals contained in them, were fed
side by side. The sole difference in treatment consisted in the
administration of the minute ration of milk to one of the sets compared.
In some experiments after the relative rates of growth had been
compared for a week or two, the small milk ration was transferred to
the set which had been previously fed without it. In all cases the
influence of the milk upon growth was so large that it could not have
been due to any alteration in the quality of the protein eaten or in its
ratio, nor, in my own belief, to the presence of any known milk con-
stituent.

Methods. All my experiments were done on rats. The employ-
ment of such small animals for metabolism experiments is sometimes
looked upon with a disfavour which is only justified in certain cases.
Small animals, while certainly unsuitable for one type of experiment,
may be especially well suited for another. When for example data as
to nitrogenous equilibrium are to be obtained, accuracy is perhaps
difficult to secure in the case of rats. The rapidity of their metabolic
processes may be undesirable in connection with certain other enquiries;
but this very character in their metabolism makes them especially
suitable for other investigations, especially those concerned with
growth. That many individuals can be dealt with at once, and the
results of experiments treated statistically, is an especially valuiable
feature of work done with small animals. My experiments were all
concerned with young rats at a stage when rapid growth is normal.
Their initial weight was mostly from 35 to 50 grams, a stage whei
weight is normally doubled on an efficient dietary in 20 days or less.
The animals, unless otherwise mentioned, were always fed two in a cage,
bucks being paired with bucks, and does with does. When the amount
of food eaten is to be determined, this grouping has the disadvantage
that an average for the two animials must be accepted, but when food is
given in excess of the quantity required this is not an important point,
and any disadvantages are more thau counterbalanced by the fact that
quite young, rats progress more normally when they have a companion
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than when kept singly. Great attention was given to the maintenance
of a uniform temperature in the laboratory, this being recorded by
a registering thermomneter. In particular, a constant temperature for
day and night was carefully secured. The rats were kept in round wire
cages somewhat similar to those used by Henriques and Hansen
and by Mendel and Osborne, though shallower and of wider mesh.
They stood in trays filled with sawdust, over which was a layer of filter
paper. Rats tend to eat both sawdust and paper, so the cages were
raised upon legs four inches high.

Two basal diets were used, differing only in the protein they
contained. In the one the protein was Merck's pure casein prepared
by Hammersten's method, in the other it was the commercial casein
preparation known as " Protene." No " roughage " was provided. With
rats it appears to be unnecessary, at any rate in experiments of such
duration as mine.

The composition of the dry food mixtures was the following:

Pure casein mixture "Protene " mixture

Protein 22 p.c. 21'3 p.C.
Starch 42-0 ,, 42a0 ,,
Cane Sugar 21-0 ,, 21-0 ,,
Lard 12-4 ,, 12-4 ,,
Salts 2-6 ,, 3.3,

The salts added were obtained by incinerating the normal laboratory
food on which the rats had been kept when not under experiment, and
consisted of equal parts of the ash of -oats and dog-biscuits. The
commercial casein contained 3 0/0, of ash, raising the amount of salts in
the mixture from 2 6 0/0 to 3.3 e/o. The calculated energy value of the
pure casein mixture is just over 5 calories per gram, and that of the
protein mixture almost exactly 5 calories per gram. A series of
estimations in the bomb calorimeter gave a mean value of 4-98 for both
mixtures. In general, however, the energy values of the diet were
directly determined in the mixtures as they were made up for feeding;
the protein and starch not being previously dried. To save space in
the protocols only the consumption in calories per 100 grams live weight
is given. The figures in the protocols give the daily intake calculated
from the food consumption of each short period (usually three days)
between successive weighings of the rats. The average daily calorie
value of this was divided by the mean weight of the -animals during the
period and multiplied by 100. The total amount eaten, and the protein
eaten, can be calculated with close accuracy if 100 calories are reckoned
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to correspond with 20 grams solids in either mixture, and to 4 40 and
4-26 grams of protein in the purer and less pure mixture respectively.

In describing such experiments as those in this paper, it is
important to give in detail the method of administering the food. The
consumption of an artificial dietary may be a good deal affected by its
physical condition when administered, especially when the animals are
first put upon it.

The protein, starch, and sugar and salts were mixed dry, and the fat
rubbed in by hand, the mixture being worked up until of completely
uniform composition. It was given to the animal in earthenware
vessels. The day's ration for each pair of rats was weighed out dry,
and given the desirable consistency in the following way. Half the
ration was mixed with enough water to make it into a thin paste, and
the remaining half of the dry material was then added little by little,
and well stirred in with a glass rod. The final mixture thus obtained
was of such a consistency and character that the rats ate it freely, and
almost without any tendency to scatter the food. The amount of food
given was always in excess of the consumption. Water was supplied in
a special vessel. Before the day's ration was administered to either set
of rats, each individual of that set which was to receive mnilk was put
into a separate cage, and the measured quantity of milk given as
a separate ration. Only after this was consumed-and its consumption
never occupied more than a few minutes-were the rats returned in
pairs to the original cages. Both sets were then fed simultaneously
with the artificial mixture. The composition of the milk was carefully
determined from time to time, and the energy content of the solids
was occasionally determined in the calorimeter. This scarcely varied
from the value of 4-7 calories per gram.

It was found possible to determine the amount of food eaten with
great accuracy. A very small quantity might fall through the bottom
of the cage on to the filter paper beneath, but this could always be
recovered quantitatively. Absolute accuracy was to be obtained by
removing such spilled food at frequent intervals, so as to avoid any
soakage. with the urine. The amount spilled was never more than
a minute fraction of the food eaten, or of that weighed back; and in
practice no difficulty was found in dealing with it. At each day's
feeding, the food left over from the previous day was carefully removed
from the vessel which contained it, the small quantity of spilled food
added to it, and the whole dried at low temperature till of constant
weight. This weight was deducted from the dry weight of the food
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mixture as originally weighed out. During certain periods in each
experiment, the faeces were collected in order to determine the energy
content, so that data as to the absorption of the food might be obtained.
With the cages used by me this collection was easy. The greater part
of the faeces fell through the bottom of the cage on to the paper beneath,
and as this lay upon sawdust, any urine passed was rapidly soaked up,
so that very little contamination of the faeces occurred. No attempt to
demarcate the faeces of the experimental period was nmade, but as they
were collected for a week, and under precisely similar conditions in
the two sets of rats under comparison, such demarcation seemed
unnecessary.

Variability of young rats on a normal diet.

Fifty rats from the stocks which supplied animals for the main
experiments, were fed upon bread and milk, and the periods observed
during which the individuals doubled their weight. The growth curves
of many of them were followed for longer periods; but for the purposes
of this paper only the times occupied in the doubling of the initial
weight need be given. All the animals were fed under identical
conditions. The figures are, of course, not put forward as having any
general statistical valuie. The observations were carried out merely in
order to obtain some indication of the variability to be expected in rats
from the sources used for other experiments. As will be found in the
course of a later discussion, some especial importance is attached in
this paper to the initial rate of growth of the experimental rats; hence
a measure of normal variability at comparatively early periods during
feeding was desired. In order to introduce a factor found in the main
experiments,-a change of diet namely at the beginning of the
observations-the rats used for the experiment under discussion were
transferred from the ordinary stock diet of the laboratory (dog-biscuits
and oats) to one of bread and milk. Half the animals used were bucks,
and half does. The most striking result of the test was its demonstra-
tion of a much greater regularity in the variation of the bucks. The
initial weights of the animals fed, while mostly near to the average of
50 grams, showed in certain cases a considerable departure from this
(46 to 63 grams). Nevertheless, the periods of weight doubling in the
case of bucks departed comparatively little from the tnean value. The
figures will be found in Protocol A. It will be seen that 5 animals had
doubled their initial weight on the 13th, 9 upon the 14th, and a upon
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the 15th day. Thus in the case of 19 rats out of 25, or 760/0, the
completion of the weight doubling period occurred within these three
consecutive days. Two other rats may be grouped with these, one
completing its period on the 11th, and one on the 16th day. Of the
remainder two doubled their weight on the 20th, one on the 21st, and
one on the 26th day. Over 800/0 therefore showed periods near to and
normally grouped round the mean.

On the other hand the does showed much greater irregularity.
Eight animals, or 320/0, grew at about the same rate as the bucks,
completing their weight doubling between the 13th and the 16th days;
6, or 240/0, completed it round about the 20th day; another 5 required
about 30 days; and the remaining 4 grew still more slowly; one
animal, though showing no signs of ill health, had not doubled its
weight by the 56th day.

A longer comparison further brought out the relative slowness in
the growth of the females. Thus on the 52nd day of the experiment
the mean weight of the bucks was their mean initial weight multiplied
by 3-58. In the case of the does the correspondingr factor was 2-63.

I was unable to take advantage of the information thus obtained by
wholly eliminating the more variable sex from my main experiments,
a sufficiency of bucks not being always available. But in all the experi-
ments, every effort was made to give each individual rat in one of the
sets compared a representative in the other set, corresponding to it in
weight, sex and origin.

Comparison of rats on the artificial dietary alone with others
taking a small addendum of milk.

My earliest experiments were made with the commercial casein
mixture as the basal diet, neither the protein nor the starch contained
in the food being extracted with alcohol. On this food rats always grow
to some extent; but their growth is greatly accelerated by a minute
addition of milk. Of such experiments only those in which complete
estimation of the intake was made appear in this paper. Although
less striking than experiments showing complete cessation of growth
contraste(l with a rate of growth which is normal, they have an interest
of their own when the significance of relative intake is under discussion.
Later I used Merck's pure casein, and finally emnployed this in
admixture with starch which had been thoroughly extracted with
alcohol and with specially purified lard. On such a mixture growth
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always ceased after a comparatively short period. Any commercial
preparation of casein if very thoroughly extracted with alcohol may
take the place of Merck's casein. It will be more convenient to give
first the results of these experiments with the purest dietaries.

Exp. I. (Fig. 1 and Protocols I and I (a)'.) In this experiment
12 young rats were used; all being females of smaller initial weight than
the average of the animals in other experiments. Six were upon the
pure casein dietary alone, six
received in addition 2 c.c. of milk q 0
eacliper dien. In the first half
of the period the milk solids
amounted to about 3n5 0/0 of
the whole food eaten, in the
latter half to about 2-5 0/0. The
curves of Fig. 1 show the aver-
age weight per rat of the two
sets at corresponding periods.
In this as in other curves the
blackened circles denote the set
receiving milk. If the protocol s
be consulted it will be seen that
the behaviour of all the indi-
vidual animals was almost pre-
cisely the same. The set without
milk grew slowly till the 13th r
day when growth ceased. By 3 o
the 20th day loss of weight was 0 20 40
established, and a week later Fig. 1. Lower curve six rats on artifiQial diet

alone. Upper curve six similar animals
receiving in addition 2 c.c. of milk each per

dead. Meanwhile the set re- diem. Abscissa time in days; ordinates
ceiving milk had doubled its average weight in grms.
weight before the 20th day,
showing a normal rate of growth. The question of food consumption is
discussed in a later section; but it may be pointed out here that from
the 13th to the 20th day the set without milk was consuming some
50 calories per 100 grins. live-weight per day: ample for growth under
normal circumstances.

E.vp. II. (Fig. 2; Protocol II.) This experiment is the only one
given in this paper in which estimations of consumption were not made.

1 The Protocols will be found at the end of the paper.
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The 16 rats used were all bucks, closely agreeing in initial weight, and
each set of eight had an identical average weight. The basal diet was
a pure casein mixture, all the food being thoroughly extracted with
alcohol. One set took this alone, the other animals receiving 3 c.c. of
milk each per diem. On the 18th day the milk addendum was trans-
ferred from the one set to the other. The striking effect of the milk
upon growth is seen in the curves of Fig. 2. Protocol II shows that
individual rats agreed closely in their behaviour.

60

0 25' 5'0
Fig. 2. Lower curve (up to 18th day) eight male rats upon pure dietary; upper curve

eight similar rats taking 3 c.c. of milk each a day. On the 18th day, marked by
vertical dotted line, the milk was transferred from one set to the other. Average
weight in grms. vertical; time in days horizontal.

Exp. III. (Fig. 3; Protocols III (a) and III (b).) This experiment
was similar in plan to the last, and similar food was given. Six rats
started on the basal diet alone, six received in addition 2 c.c. of milk each
per day. On the 19th day the milk ration was transferred from one set
to the other. In the first period the milk solids averaged 3-2 0/0 of the
food eaten; in the second period just under 4 0 0/0. At the close of the
first period, two of the rats without milk were moribund, and one of
those from the mnilk set died suddenly, thougrh apparently quite
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healthy. The second phase of the experiment was therefore carried
out with four rats from each set. The average weight of these was
somewhat higher than the average of the six in each set at the close of
the first period, which accounts for the break in the curves of Fig. 3.

A feature of this experiment was the proportionately large amount
of food consumed by all the rats concerned. During the first period the
animals without milk were eating as much as 60 calories per 100 grmns.
of live-weight at a time when their weight ceased to increase. This is
much in excess of what is required for growth when the food is normal.

g10

60

40
0 25 50

Fig. 3. Curves to the left of the vertical dotted line show average rate of growth of six
rats upon the artificial dietary alone (lower curve) and of six receiving 2 c.c. of milk
each per diem (upper curve). On the 19th day the conditions were reversed. The
second period (to right of dotted line) concerned, however, only four rats out of each
set (vide text).

Exp. IV. (Fig. 4; Protocols IV and IV(a).) Of 12 rats used for
this experiment, 4 received the pure casein dietary alone. The other
8 were given, for the first 10 days, 1 c.c. of milk each per day, the milk
solids amounting to only 15o0/0 of the food eaten during this period.
This small amount of milk was given to test the lower limits of its
power to influence growth. As but little differentiation occurred, the
milk was increased on the 10th day, four rats receiving 2 c.c. and four
3 c.c. each per diem. In Fig. 4, the growth curves of three sets are
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therefore given; the highest being that of the set receiving the 3 c.c. of
milk. I have little doubb from later experience that, had the original
dose of 1 c.c. been continued after the 10th day, differentiation from the
set without milk would have been plain enough later. The difference
in the effect of 2 c.c. and 3 c.c. respectively is seen to be small.

120

100

60
0 20 4t0

Fig. 4. Lower curve average weights of four rats upon pure casein diet alone. Middle
curve average of four rats receiving (from 10th day) 2 c.c. of milk each per diem;
upper curve average of four receiving 3 c.c. milk.

Exp. V. (Fig. 5; Protocols V and V (a).) In this experiment the
basal dietary was the " protene " mixture. The casein was extracted, but
not completely extracted, witlh alcohol. Eight rats took this mixture alone,
and eight received 3 c.c. of milk each per diem. On the 25th day the
milk was transferred from one set to the other. By the end of the first
period, the rats with milk had increased from an initial total weight of
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331 grms. to one of 737 grms. gaining therefore 406 grms. or 120 0/0 of
their weight. In the same period those without milk rose from 319-6
grms. to 480'7 grms. showing a gain of only 161 grms. or 50 0/0. In the
second period, the first set, now deprived of the milk ration, soon ceased
to grow, and afterwards lost weight. The effect of supplying milk to
the other set did not produce so marked a contrast, partly because the
acceleration of growth, which was in progress, was momentarily inter-

100

PoX

60

40

Fig. 5. Eight rats in each set. Lower curve shows growth rate of set starting upon the
"1 protene " diet alone. The set giving upper curve took 3 c.c. of milk each rat per
diem. On the 25th day the milk ration was transferred. The vertical dotted line,
meant to mark the date of transference, was drawn in error at the 21st instead of the
25th day.

rupted shortly before the close of the experiment by some circumstance
which I am unable to explain, but which was certainly accidental
(vide Fig. 5). As a matter of fact the transference of the milk was
made a little too soon in this experiment. If it had been delayed a few
days, the set which was without milk in the first period would, beyond
doubt, have ceased to grow, and the effect of the milk made more
evident. Nevertheless, as inspection of the curves will show, the effect
of the milk addendum and its withdrawal are striking enough. The
food consumption is discussed later.
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Exp. VI. (Fig. 6; Protocol VI.) In this, the basal food was the
"protene" mixture, none of the constituents being extracted with
alcohol. Although acceleration
of growth in the rats with :10
added milk was sufficiently well
marked, the differentiation is
less than in the experiments
already described. This is in
small part due to the fact that
the groups compared (unlike 0O
those of any other experiment
given) were not balanced in
respect of sex. The six rats
upon the basal diet alone were
all bucks, while in each of the 70 -
two groups of six taking milk,
there were two does. But the
chief reason for the smaller
difference in growth rate was
lack of purity in the basal diet.
Of the milk rats, one set took so
2 c.c. of milk each a day, the
other 5 c.c. After 38 days of I
feeding, the ratios of initial
weight to final weight were as
follows:-Without milk 1: 2'3,
with the smaller amount of milk 300 40
1 3.0; with the larger amount

Fig. 6. Eighteen rats in three sets. Lower
of milk 1 :3-2. The relative curve six upon -protene" diet alone;
effect of doubling the milk ad- middle curve six taking 2i c.c. milk per
ministration is seen to be small. diem; upper curve six taking 5 c.c. milk.

of Fig. 6, only the Average weights vertical; time in days
In the curves horizontal. The experiment extended

first 27 days are given out of 38 beyond the limits of the curves (vide
to which the experiment ex- Protocol VI).
tended.

Exp. VII. (Fig. 7; Protocol VII.) This experiment differs from
the others in that the initial weights of the rats fed were higher,
averaging over 100 grms. It was also of longer duration, the animals
being fed for nine weeks. The diet was the " protene" mixture, and
none of the constituents were extracted with alcohol. Four rats were
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upon the mixture alone, and four received with it 5 c.c. of milk each
per day. Four other animals received, instead of the milk, 01 grm. of
an extract prepared from the expressed juice of mangolds. The
observation involving the use of the latter belongs more properly to a

Fig. 7. Lower curve average weights of four rats upon the "protene" diet alone. Middle
curve, similar set taking in addition 01 grm. of a vegetable extract per rat per diem.
Upper curve, similar set taking 5 c.c. of milk as daily addendum to the diet.

research other than that described in this paper. In this case, as in
others in which the diet was not fully purified, there was continued
slow growth without the milk addendum. The rats on the basal diet
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alone -appeared indeed in perfect health at the end of nine weeks, and
gave no reason to doubt that with contin iied feeding they would
ultimately have reached a normal maximum of body weight, though by
so much slower a process than the normal. The growth acceleration
induced by the milk addendum (the solids of Which; taking the average
of the whole period, amounted to 4-2 0/0 of the food eaten) was
sufficiently marked. Starting at practically identical weight, the set
without milk had on the 25th day gained just 10 0/o in weight, and those
with milk 40 0/0. At the end of the 61 day period, the respective gains
were 44 0/o and 93 0/o.

In the above experiments taken together, 42 rats upon the artificial
dietary were compared with 52 taking similar food with a small
addendum of milk. In every individual case in which the conditions
were at all comparable, the rats taking the milk grew much faster than
those without it, and the latter, if purity of diet was secured, always
ceased to grow altogether after comparatively short periods. In the, as
yet unsuccessful, endeavour to isolate individualised suibstances capable
of producing a similar effect upon growth, I have fed altogether
a great number of animals, and have seen the failure of artificial food
mixtures to support growth in the case of dozens of rats not included in
the protocols of this paper. To the question as to whether prolonged
maintenance is possible upon synthetic dietaries, my experimental
material does not supply a satisfactory answer. Most of the experi-
ments have been of a comparative type, like those here described, not
therefore calling for prolonged feeding. But when the protein
constituent, and any starch used, have been thoroughly extracted with
alcohol, the fat being also purified, I have often found that feeding with
an artificial mixture is followed by loss of weight after quite short
periods. It is altogether remarkable how small a quantity of associated
substances can affect the result.

The milk consumed in the quantitative experiments which have
been described, contributed generally some 40/0 to the solid matter
eaten. It is clear that by far the greater part of the milk solids could
play no part in bringing about the result. The minute addition of
lactose to the other carbohydrates of the miixture can certainly exact no
influence, and if the still more minute addition of lactalbumin to the
casein of the basal diet were suspected, or any other effect upon the
quality of the protein supply, it is easy to show that it is without
significance. The vegetable extract producing the effect seen in
Exp. VII was protein free, and I have got equal or greater acceleration
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Of growth on -giving protein-free alcoholic extracte of milk solids, and of
yeast, in astonishingly small amounts. If some subtle addendum on,
the inorganic side be suspected, I may state that an ether extract of
yeast (an ether-soluble fraction from the total alcohol extract)
practically ash-free, when added in minute amount to the "pure"
dietary employed in the above experiments, induced great acceleration
of growth.' There is some indication from my experimenats that the
optimium supply of the substances which induce growth is sare d;
but any attempt to ascertain the nature of their action by noting th
relation between their concentration and their effects would call for
extensive experimentation which it would seem better to leave until
definite substances have been isolated.

Special experiments carried out to test the effect of boiling milk.
indicated that (at any rate if of brief duration) it had no effect upon
the capacity to promote growth.

Effect of the milk on absorption from the intestine.

The small ration of milk had certainly no effect on the degree -of
absorption from the gut. In several of the experiments, as already
stated, the energy of, the faeces collected over a week.was carefully
compared with that of the food eaten in, the same period. No difference
whatever in the actual absorption of the food was found to result from
the addition of the milk. The period chosen was in all cases a critical
one, in which the animals with milk were growing much more rapidly
than those withouit. The following were the actual data obtained:9~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE A. Absorptio Coeffieient8.
Calories in food Calories in feeces Percent. absorption

Rats Rats Rats Rats Rats Rats
Exp. withoult with without with without with
No. Period milk milk milk milk milk milk

I 9th to 15th day 959.0 1512 83-2 125-9 91-3 91-6
inclusive

III 11th to 17th day 1042-2 11447 96-0 11017 90'8 90 3
inclusive

IV 7th to 13th day 1231 0 1298 (RatsP&Q) 100.9 93.8 91P8 92-8
inclusive 1262 (R& S) 109 0 91A4
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The relation of the rate of growth to the amount of food consumed.

This 'question is one which involves some points of difficulty. In
general, the rapidly growing rats certainly consumed more- food (to an
extent which will be presently discussed) than those which failed to
grow or than those which grew more- slowly. It may therefore be
suggested that the direct effect of the milk was uipon appetite, and that
the sequence of events when the milk was added -to the synthetic
dietary was the obvious one of improved appetite, greater consumption
of protein and energy, and consequent increase of garowth. It is well
to point out, however, that the sequence may be the reverse of the
above, and that the acceleration of growth may be the primary, and the
increase of appetite a secondary effect.

Appetite may, of coturse, be markedly affected by the palatability of
a ration even in such animals as rats; though with them - it is
undoubtedly a much less important factor than with animals higher in
the scale. But the question of palatability does not interverne in my
experiments, which were all comparative. The minute ration of milk
which so greatly promoted growth in one of the two sets of rats
compared, was, as already stated, given separately in advance of each
day's feeding, and after this had been consumed, the animals which had
received the milk were fed simultaneouisly with the control set, and
received with them identical food.

In discussions concerning the experimental feeding of anitrmals, the
effect of monotony of diet has been given much weight as a factor
leading to loss of appetite, and failure of maintenance of growth.
Mend-el and Osborne have now clearly shown that in the case of
rats, this factor has been much over estimated. It cannot, at any rate,
affect my experimental comparisons, since monotony was as prominent
in the diet of the milk-fed rats as in that of the control animals.]

In the case of those rats which continued to grow (whether
receiving milk or not) the consumption of food was remarkably steady
from day to day. The daily intake slowly increased in absolute amnount
(though, of course, diminishing relatively to the body-weight) and with
slight irregularities continued to do so right to the end of an experi-
ment. Whenever-as in the experiments upon especially pure
dietaries-growth ultimately ceased, consumption fell; but as I shall
point out immediately, usually not till after the cessation of growth
was established.

29-2
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Careful observation of the behaviour of the rats, even towards the
end of an experiment, showed that, when first fed each day, the slow
growing, or no longer growing set, attacked the food as eagerly as those
growing fast. Whenever there was a difference in the amount eaten, it
was clearly because satiety was sooner reached by the former, and not from
any original distastel.

It will, I think, be admitted that the conditions of the experiments
described were such that if the small ration of milk affected appetite, it
must have been in the special sense of an effect quite indirectly produced.
Its influence could not have been exerted upon the lines of increasing
the palatability or in diminishing the monotony of the diet.

Schaumann also found that extracts of rice cortex and other sub-
stances which, when given to animals upon pathogenic dietaries prevent
the onset of beri-beri, also greatly increased the amount of food
consumed, although administered separately from the main ration.

Little as we know in detail with regard to the factors (other than
aesthetic ones) which control appetite, it is physiologically axiomatic
that the rate of metabolism and, in inmmature animals, the rate of growth
are of fiundamental importance in determining the amount of food that
a healthy animal will in the long run voluntarily consume. What in this
sense is a diminution of appetite determines the diminished relative
consumption of food observed when a small animal grows larger; the
proportionate rate of metabolism and the relative velocity of growth are
both diminished in the larger animal, and the consequently lessened
demands are, under natural conditions, followed by a smaller relative
consumption. Again, while the young animal eats sufficient for growth
as well as for maintenance, the adult is content with an intake sufficient
for maintenance alone. It may be argued that the voluntary intake is
directly affected bv the presence or absence of the growth impulse
(Wachstumstrieb) in the tissues; but it appears more likely to be the
actual occurrence of the growth processes, the laying on of new tissue
with its own metabolic demands, that affects the instinctive appetite 2*

If then a factor or factors essential to growth be missing from, or
deficient in, a dietary, the consequent arrest of, or diminution in, growth
energy may diminish the instinctive consumption of food, while the

1 The display of abnormal anorexia on the part of individual rats was very rarely
observed, and whatever its cause, it was as frequent in the milk-fed rats as in the others.

2 Only those perhaps who have had the experience of feeding animals with excess of
food, and have noted the amount eaten for considerable periods, will realise how well
adjusted, under normal circumstances, is the instinctive appetite to the physiological
needs.
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suipply of such factors may increase consumption as an indirect result of
a direct affect upon growth.

But, such considerations apart, the question still arises: Was the
excess of food eaten by the milk-fed rats proportionate to the great
difference in the velocity of their growth and that of the animals fed on
the artificial mixture alone.?

In those experiments in which the completely purified food-mixture
was given, quantitative comparisons are not required in proof of the fact
that an agent necessary for growth is absent from the artificial mixture.
It will be seen on inspection of the figures that animals fed upon the
fully extracted diet may be eating a quantity containing an ample supply
both of protein and energy for the continuation of growth at a time
when their growth has wholly ceased. It is true that after growth has
ceased, or when loss of weight has been established, appetite soon
adjuasts the intake to a smaller value; buit the diminished consumption
may be seen to follow and not precede the cessation of growth, and must
be, it would seem, the effect and not the cause of it. To make this time-
relation clear it is necessary that the intake should be determined for
successive short periods, but I have observed it repeatedly in a large
number of individual rats.

In Exp. 1 the six rats fed without milk ceased to grow on the 10th
day. Yet at this period they were daily consuming food with an energy
value of over 50 calories, and a protein content of 2-2 grms. per 100 grmns.
live-weight (Prot. I (a), Col. 5). This, as all my data show, is more than
enough for continued growth in rats of similar size upon a normal diet.
Again, in Exp. 4, the consumption of the four animals without milk
had sirnilar values, yet they ceased to grow on the 21st day. More
striking still are the figures of Exp. 3. The six rats fed upon the
artificial dietary without milk grew very little, even from the first,
though their energy consumption was high. They began to loso weight
on the 9th day; yet on that day, and during the period which im-
mediately followed it, they were consuming over 60 calories per
100 grims. live-weight, and 2-6 grims. of protein (Prot. III (b), Col. 3).
These are high values, more than sufficient for rapid growth in rats of
their size, when the food has normal characters. The figures given are
average values, but if the protocols be consulted it will be seen that the
facts fully hold for the individual rats. In the three experiments quoted
there were in all sixteen rats upon the artificial dietary without milk.
Of these, fifteen showed cessation of growth at a time when their
energy and protein consumption were sufficient for normal development.
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Such results make it perfectly clear that synthetic diets may wholly
fail to support the growth of rats even when consumption is quanti-
tatively quite adequate, and the figures show plainly enough that
some factor in diet other than its protein and energy content is
itidispensable for growth.

When animals, though not growing, are taking food in excess of
what is necessary for maintenance and growth, one might think that
the sgupply of a factor which induces growth need only promote the
utilization of the food, without increased consumption. Nevertheless
in my co-mparative experiments, in which such a factor was supplied in
the small milk ration, the consequent growth was nearly always
associated with some deg,ree of increased relative intake; at any rate
when the intake is calculated per unit of surface area. Rats growing
quickly: with milk also consume relatively somewhat more than others
growing slowly on the synthetic diet alone. Only a complete metabolic
balance sheet tberefore can demonstrate to what extent the milk
addendum improves the utilization of the food for growth purposes; but
I believe that what follows will suggest that the increased intake alone
is altogether insufficient to account for the added growth.

It is clear that in comparing, the food consumption of two sets of
animals which rapidly come to differ in size, we cannot continue to take
the absolute consulmption for a basis. In the protocols the energy
gonsumption of the -rats is given throughout, for convenience sake, in
termrs of calories per 100 grms. live-weight. It is noteworthy that
different sets of rats, whether upon milk or not, if compared for
moderately long period8 may agree closely in their average consumption
of energy when it is thus calculated on a live-weight basis. The corre-
spondence is not seen when one of the sets rapidly fails to grow, as in
the experiments with the completely extracted food; but in all the
other experiments the rats growing slowly without milk showed
remarkable agreement on the above-mentioned lines with those
receiving milk and growing rapidly. This is shown by the following
figures:

Average daily consumption in calories
per 100 grnls, live-weight

No. of rats Period ,-
-Exp. employed (days) Without milk With.milk
IV 12 27 49-1 -51,-
V 16 21 4817 49-7
VI 18 24 48'4 50.7
VII 8 21 48-6 47*7,

In Exp. 7, the rats which showed the above close agreenent when
.the average'; consumption was calculated for a period'of 21 days, were
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fed in all vr 61 days. The average intake per 100 grms. per rat when
calculated for the whole of this lotnger period was, of course, lower than
the above, but the agreement between the two sets was maintained in
spite of their very different rates of growth. The 4 rats taking milk
showed an average consumption of 38 calories, and those without -it
39 calories per 100 grms. live-weight.

The consumption of food in all cases was entirely dependent upon
appetite, and, considering the large nurnber of animals concerned
(32 with milk and 22 without) the agreement is not likely to be
a coincidence. The slow-growing animals, while necessarily using less
than the others for growth purposes, would require relatively more for
maintenance, since their mean size for the period was less;, but the
close adjustment of intake to body-weight is not easy to explain.

It is clear however that, if two sets of animals, rapidly differentiating
in reapect of body-weight, continute to consume the same amount of food
per unit of weight, those which grow faster have available a con-
tinuously increaing fraction of the whole for the purposes of grovvth,
since the demands for maintenance continue to become relatively less.
For our purpose we need to show what actual proportion of the total
intake is available for growth.

If the principles taught by Rubner could be assumed to hold
rigidlry in the case of animals such as young rats, we might calculate
the demands for maintenancent any period during our comnparison from
the surface areas of the animals concerned, and, deducting this from the
total energy consumed, obtain a value for what is available for growth.
This could then be compared with the actual rate of growth observed.
But the general applicability of the law of surface area has been
questioned, and my own experience leads me to believe that at least in
the case;of very young rats, the demand for maintenance is more nearly
determined by the live-weight than by the surface area. It 'becomes, of
eourse, smaller, relatively to the body-weight as this increases, but it
falls off more slowly than the law of surface area would require.
We do not, as a matter of fact, possess at the moment-sufficient data

to decide what are the maintenance requirements of a young growing
rat of a given size, and cannot therefore directly calculate what pro-
prtion of its total food consumption is available at any moment for
growth.

If the data be examined it will be seen that a given increment of
greowth is attainDed with rmuch greater economny when'the ration of milk
isgadded to the artificial mixture.
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The following table compiled from certain of the experiments gives
the food consumption of the rat-sets for definite periods, and th cost of
one gram increment in body-weight during such period. Experiments
hi which the animals on the purer dietary 'exhibited little -or no growth
are omitted.

TABLE B. Relative cost of growth increments.

Calories required for gain of
Total calories consumed one grm. body-weight

Length By rats on By rats Without With
Exp. of period pure diet alone receiving milk milk. milk

I 13 days 1741 2440 (879 in milk) .304 162
(18~9 1 46-3IV 27 1,, 4688 1518 -5I5257 150) 138 8

V 25 ,, 5024 5701 (225) 3583 14-2

VI 25 4226 5160 (211) 22*5 f160
i5643 (422)f 1149

VII 61 ,, 13,333 16,782 (686) 64-6 39*9

The absolute values vary greatly in different experiments, the
conditions being different. Thus in Exp. 1, the rats were smaller
than the average, and only a short period is dealt with. The animals
in this experiment were upon the purer food, and those without milk
only grew for 13 days. In Exp. 4 the rats were heavier, and being
also upon the pure dietary with a very small milk addendum, the
figures for them are high. Finally, Exp. 7 is exceptional in that the
rats were large, especially at.the end of the long period involved, and
the cost of a given growth increment is always greater in late than in'
earlier periods of growth.

But if the cost in energy for unit gain in body weight is compared
in each individual experiment, the addition of the milk is seen to involve
in all cases a great reduction. A given growth increment is obtained
at not much more than half the cost. The energy taken in the form of
milk is.given in brackets, and is seen to form a very smnall proportion
of the whole consumption. So large an effect upon the relation between
food consumption and growth when brought about by so. small a
variation in the constitution of a dietary forms a sufficiently striking
phenomenon; but it is clear that a proof of better utilization (in the
direct sense) cannot be based upon it. An acceleration of growth,
however accouinted for, by diminiishing the cost of the maint.enance
during the acquisition of a given increment in weight, must increase
the economy of the growth process. It might still be argued that
no matter how the nmilk ration brings about the increased relative
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intake, it is this greater intake which primarily determines the ac-
celeration of growtb.

Evidence which appears to refute this view was obtain-ed on the
following lines. In each experiment described in this paper, the groups
of rats compared were initially of almost exactly equal total weight,
and were under exactly similar conditions, except for the presence
or absence of the small milk ration. Such strictly comparable animals
showed, however, immediate differentiation in their rate of growth.
If therefore we note the initial growth velocities and the initial
consumption of food, we may make a comparison before differentiation
in size has become great enough to introduce complications on the score
of maintenance. The necessity arises, it is true, to feed the animals for
a week or ten days before any reliable estimations of intake can be
made. In order, therefore, to make comparisons at this early period
easier, the following empirical data were obtained. Rats similar in

TABLE C. Effect upon growth of increasing the intake in
known proportions.

45 cals. per 100 grms
live weight

Initial Wt. on Percent.
weight 9th day gain

53-3 59-2 11-0
41-0 50-3 23-0
47-5 56-6 19-0
40-0 48-5 20-0
40-0 47-5 19-0
50-5 56-5 13-0
45*5 51-8 14-0
48-0 60-1 25-0
40-5 45-8 12-0
42-2 54-4 23-0
50-2 66-0 31-4
45-2 55-5 23-0

Aiytei:l}A 45-3
Average
percent. 19-4
gain)
Mean pro-\
bable error -1-75of calcula-
ted average

60 cals. per 100 grms.
live weight

Initial Wt. on Percent.
weight 9thday gain

42-1 56-5 34-0
51-3 55-0 7-0
47-0 47-3 0-6
45 7 62-5 37-0
45-0 52-0 16-0
43-4 62-4 44-0
39-5 52-0 32-0
44-7 59-2 32-0
45-9 57-0 24-0
46-0 56-5 23-0
43-0 49-5 15-0
55-5 55-5 0-0
44-0 57-5 31-0
40-0 49-2 23-0

45-2

22-8

55 cals. per 100 grms.
live weight

Initial Wt. on Percent.
weight 9th day gain

53-0 61-7 16-0
47-7 52-2 9-0
38-5 54-0 40-0
40-0 50-7 27-0
40-0 57-0 43-0
34-5 34-5 0-0
42-0 '59-2 41-0
41-0 53-2 30-0
41-0 41-5 1-0
41-2 43-0 5-0
38-2 51-2 34-0
37-7 51-7 37-0
41-8 59-0 45-0
40-5 60-0 48-0
49-7 63-5 28-0
38-5 56-0 45-0
39-5 37-7 1-0
53-2 66-2 13-0

42-2

26-3

60 cals. per 100 grms.
live weight

Initial Wt. on Percent.
weight 9th day gain

41-2 45-7 13-0
42-0 61-5 46-0
47-8 65-6 37-0
41-0 53-4 30-0
52-0 91-3 37-0
54-2 72-0 35-0
32-5 37-5 15-0
35-5 53-2 50-0
37-8 41-0 13-0
31-2 35-0 12-0
40-0 57-5 44-0
57-5 75-0 31-0
50-0 64-5 29-0
43-0 48-0 12-0
43-0 61-0 42-0

43-2

29-7

3-6 4-0 3-4
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origin, weight, etc., to those used in the main expenments were fed
individually with food of exactly known energy. content. The effect
upon the initial rate of growth of increasing this in definite proportion
was observed. The food chosen was the " protene " mixture, combined,
to secure efficiency, with a larger proportion of milk than that given in
the main experiments. The milk solids formed 10 /0 of the whole mix-
ture. The compsition of the food administered to each group was exactly
the same; the amount of protein and other constituents being therefore
increased proportionately with the energy. The amounts administered
represented 45, 50, 55 and 60 calories per 100 grms. live-weight.
These quantities were given on the 1st day; the rats being weighed
again on the 3rd and 6th days, and the food then increased so as to
give the above values in relation to the increased weight. The con-
sumption was therefore not strictly at the values stated for each day
of the period; but the sets so fed are suifficiently comparable both
with each other and with the animals of the main experiments. In
Table C only those animals are scheduled which wholly consumed
the food given. In the case of the highest value (60 calories) a few rats
had to be eliminated as not having eaten the whole. When 65 calories
per 100 grms. body-weight were administered, only a small proportion
of the animals consumed the whole ration. The temperature range
during these experiments was from 16° to 19- C., any differences fallng
equally on all the sets compared. The range was similar in the main
experiments.

The data obtained are not wholly satisfactory, firstly because variation
in the gain of individual rats within each group is large anid irregular,
and secondly because for a reason difficult to discover the mean gain of
the animals for , given caloric value of intake is distinctly les.5 than that
of the -milk-fed animals in the main experiments. But the results
should, I think, be accepted as giving the infomation we require,
namely, the order of increase in growth velocity which iay be expected
to, occur when the intake is increased without any, qualitative alteration
in- the food. Within the limits studied it is seen that the growth of
rats increases but slowly with a rise in intake.

If we compare these results with those of the main experiments, we
find that although, in the latter, the initial consumption per unit of live-
weight was somewhat greater in those rats which receive&d milk than
in those fed without it, the increase in the velocity of growth 'due to
the milk was out of all proportion (if we may judge from the data tst
given) to what could have been accounted for by the plus ina intake

r4-M%&
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alone. This will be seen on inspection of the following figures from
the initial periods of the main experiments.

TABLE D. Comparison of intake and initial growth-rates.
Average daily intake
(calories) per 100 grm:L Mean percentage

live weight Percentage gan during perid~ excess of _ Ratio of
Ratswith- Rats with intake in Without With growth

Exp. Period out milk milk milk rats milk milk velocities

I First 10 days 54-9 59 4 10-0 25-2 54-5 1 2-16
III ,, ,, 61-2 62-5 2-1 12-8 35-1 1 2-74

IV7 55-6 ~~~56-4 1-41 8 { 17-7 1 :2-0
I7,,55561559 0-5 89 18-6 1 :2-1

V ,, 10 ,, 48-5 50-5 4-1 23-5 46-3 1 2-0

VI , 10, 50-6 (5631 108 337 {73-0 1 : 2-1754 5-2J 184-2 1 :2-5
VII ,, 9 ,, 49-1 51-3 4-4 9-0 19-0 1: 2-1

The highest difference in the intake per 100 grms. body-weight, as
between the sets with milk and those without, was 10-8 0/o (one of the
sets in Expt. 6). In most cases it was much less than this, and it was
sometimes very small indeed. Yet the initial growth velocity was in all
cases doubled, and sometimes showed a still greater increase. On the
other hand in the experiments of Table C, an increase of :33 0/0 in the
intake (from 45 calories to 60 calories) was insufficient to double the
rate of growth. An increase of 10 0/0 (e.g. from 50 to 55 calories) pro-
duced a very small effect. As soon as the intake is high enough to
establish growth, the growth velocity increases but slowly with increase
of food when the quality remains the same.

Final discutssion.
Convinced of the importance of accurate diet factors by my own

earlier observations, I ventured, in an address delivered in Novelnber
1906, to make the following remarks:

" But, further, no animal can live upon a mixture of pure protein, fat,
and carbohydrate, and even when the necessary inorganic material is
carefully supplied the animal still cannot flourish. The animal body is
adjusted to live either upon plant tissues or the tissues of other animals,
and these contain ountlees substances other than the proteins, carbo-
hydrates, and fats Physiological evolution, I believe, has made some of
these well-nigh as essential as are the basal constituents of diet, lecithin,
for instance, has been repeatedly shown to have a marked influpnce upon
nutrition, and this just happens to be something already familiar, and a



F. G. HOPKINS.

substance that happens to have been tried. The field is almost
unexplored; only is it certain that there are many minor factors in all
diets, of which the body takes account. In diseases such as rickets,
and particularly in scurvy, we have had for long years knowledge of a
dietetic factor; but though we know how to benefit these conditions
empirically, the scale errors in the diet are to this day quite obscure.
They are, however, certainly of the kind which comprises these minimal
qualitative factors that I am considering. Scurvy and rickets are
conditions so severe that they force themselves uipon our attention;
but many other nutritive errors affect the health of individuals to a
degree most important to themselves, and some of them depend upon
unsuspected dietetic factors'."

Evidence has now accumulated from various sides to justify these
views. That a deficiency in quite other factors can induce disease is
a fact which is Inow upon a firm experimental basis. That a deficiency,
quite as little related to energy supply, may result in the failure of so
fuindamental a phenomenon as growth in young animals seenms equally
certain. To what extent bare maintenance of the body-weight is
possible, in spite of such deficiencies, is perhaps less certain. Osborne
and Mendel observed prolonged maintenance on artificial mixtures, but
found that " sooner or later the animals declined; and, unless a change
in the diet was now instituted, withitn a comparatively short period
the animals died." I have myself seen quite young rats maintain their
weight practically unaltered upon a casein mixture for three weeks, and
then begin to lose weight, or on the other hand, if given the necessary
small addendum, begin to grow briskly. Such observations give the
impression that the factor missing from the artificial food is one con-
cerned solely with growth. But it is certain, as Stepp also found,
that the presence of a most extraordinarily small remnainder of the
substance or substances removable by alcohol extraction, can affect the
physiological value of artificial diets; and I am inclined to believe that
apparent maintenance (which is usually very slow growth, or very slow
decline) is only seen when the diet is not wholly free from them. If
the food has been very thoroughly extracted, and if the fat subsequently
added is wholly free from any tissue elements, I venture to think
that only very short maintenance is possible. That " Denaturierung"
plays no part here is shown by the fact that such food is clearly
utilised when associated with a small addendum of the kind being
discussed.

1 Analyst, xxxi. p. 395. 1906.

450



FACTORS IN DIET.

If there are any experiments in the literature of nutrition which
might be thought to throw doubt upon the importance of such accessory
substances, they would seem to be those demonstrating that fully
hydrolised proteins can maintain growth. So far as these have been
carried out with such material as autodigested pancreas, as in Otto
Loewi's original experiments, or with digested flesh, the mixture would
not be necessarily deficient in accessory substances, and inspection of the
results seems to show, that when, instead of gland or flesh, a separated
protein was used, the effect upon nitrogenous equilibrium or growth
was distinctly less favourable. Thus an experiment made by Abder-
balden and Ronal in which flesh was the source of the digested mixture,
showed a much better nutrition balance than a similar one made by
Abderhalden and Oppler' who used casein. In Abderhalden's latest
experiments of this kind, when digested casein was fed for any length
of time, the results were also less favourable than when digested flesh
was used3. In any case, as Mendel and Osborne remark, the duration
of all such experiments has been too short for deficiencies of the kind
under discussion to manifest themselves in any pronounced manner.
Thirty days in the case of a slow growing animal such as a dog would
be represented by a very few days in the growth period of a rat, and the
latter nearly always grows for a brief period after being transferred to
an artificial food mixture. A certain store of the missing factors is
probably available in the body.

One point bearing on a comparison between Osborne and Mendel's
experiments and my own, needs mention here. In the case of four rats
these observers state that they found inadequate growth upon an arti-
ficial casein mixture, although supplemiented by a small milk addendum4.
The milk was not fresh milk, but "Trumilk" powder, given to the
extent of 6 0/0 of the whole food mixture. When later the " protein
free milk " (vide supra) was added to the extent of 28-2 0/0 of the food,
normal growth was established.

It seems to me, however, from inspection of Osborne and Mendel's
curves (Nos. L and LI) that in the case of two of these rats, there was
no break in the growth curve at the time of the change of food. Normal
growth was established upon the casein and Trumilk mixture some ten

1 Ztsch. f. physiol. Chem. Ln. p. 507. 1907. 2 Ibid. LL p. 226.
3 Ibid. LXVII. pp. 50 and 51. 1912. In Exp. V, after a week upon casein products, the

nitrogen balance of the dog became negative, though it had been for a long time positive
on flesh products.

4 Loc. cit. p. 104.
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days before the change was made. In the case of the other two anitnals
(Charts XLVIII and XLIX) the earlier consqmption of food, so far as I
can calculate from the food curves given, was certainly for some reaon
inadequate. Stepp found that milk contained material capable of
restoring the nutritive efficiency of extracted diets; btit the 'quantity
he used was greatly in excess of that employed by me.

It is possible that what is absent from artificial diets and supplied
in such addenda as milk and tissue extracts is of the nature of an
organic complex (or of eomplexes) which the animal body cannot syn.'
thesise. But the amount which seems sufficient to secure growth is so
small that a catalytic or stimulative function seems more likely. It is
probable that our conception of stimulating substances, "' Reizstoffe,"
may have to be extended. The original vague conception of suich sub-
stances as being condiments, chiefly affecting taste, gained in definiteness
by the work of the Pawlov school. But the place of specific diet con-"
stituents which stimulate the gastric secretory mechanism can be taken
by the products of digestion itself, and in this connection the stimulant
in the diet is by no means indispensable. Most observers agree that the
addition to normal dietaries of meat extracts capable of stimulating the
gastric flow, does not increase the actual absorption of the food, though
this point could only be properly tested by adding them to an artificial
dietary known to be free from analogous substance. As was emphasized
above, the milk did not affect absorption in my experiments. But such
undoubted stimulating effects due to diet constituents as those discovered
by Pawlov may quite possibly be paralleled elsewhere in the body on
more specific and indispensable lines. Stimulation of the internal
secretions of the thyroid and pituitary glands, which are believed, on
very suggestive evidence, to play an important part in growth processes,
can be legitimately thought of. On the other hand the influence upon
growing tissues may be direct. If the attachm;ent of such indispensable
functions to specific accessory constituents of diets is foreign to current
views upon nutrition, so also is the experimental fact that young
animals may fail to grow when they are daily absorbing a sufficieiey
of formative material and energy. for the purposes of growth.

In experiments of the kind described great care is required (in respect
of cleanliness, maintenance of uniform temperature, regularity in feed-
ing, etc.) in order to keep the animals healthy and rigorously comparable.
I am greatly indebted to E. J. Morgan whose industry made the ex-
periments successful.
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SUMMARY.

Groups of young rats were fed uponi artificial mixtures of isolated
casein, fat, carbohydrate, and salts. Side by side with them similar
groups were fed on the same basal dietary, but with the addition of a
ninute ration of fresh milk.

In those experiments in which the basal diet contained fully purified
material the rats without milk soon failed to grow. When the con-
stituents were less completely purified, as when the protein was a
commercial preparation of casein, slow growth occurred. In all cases
the milk addendum, although its total solids amount to only 4 0/0,
or less, of the whole food eaten, induced normal and continued growth.
A similar effect was obtained with protein-free and salt-free extracts of
milk-solids and of yeast.

The total energy consumption of the animals under comparison was
carefully determined, and it could be shown that the rats upon the
purer dietary ceased to grow at a time when their intake was more than
sufficient quantitatively to maintain normal growth.

The absolute consumption of the animals growing rapidly with the
milk addendum was greater than that of those growing slowly (or not
growing) upon the basal dietary alone; but the consumption per unit of
live-weight, was, in comparable groups, nearly the same.

If growth continued (as upon the less pure basal dietary) it could be
shown that the small milk addendum reduced the food consumption
necessary for a given weight-increment to one-half or less.

Special experiments were carried out to show the effect upon growth-
velocity of known increments in food when its quality is constant.

The results of these showed that any difference in the total intake of
the rats in the main experiments, as between those iipon milk and others
without it, was very much too small to account for the great difference
in their growth rates.

The milk ration was fed separately and in advance of the adminis-
tration of the main dietary. It could not therefore affect the palatability
of the -food or diminish its monotony. In general, moreover, it was
found that cessation of growth upon the pure dietary took place before
any failure in appetite, although the consumption might, later, fall to a
lower level.

It is therefore suggested that any effect of the addendum upon
appetite must have been secondary to a more direct effect uponi growth-
processes.
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Incidentally young rats from the same stocks which were used in the
main experiments were fed upon a normal dietary to test their variability.
It was found that does exhibited greater variation in growth-rate than
bucks, and grew (as others have found) more slowly.

The expenses of this research were in part defrayed by a grant from the Government
Grant Committee of the Royal Society.

APPENDIX.

PROTOCOL A.

IDitial
Rat No. weight

Buck 1 63-5
,, 2 590
,, 3 52-5
,, 4 52-2
,, 5 500
,, 6 47.5
,, 7 57-0
,, 8 50.0
,. 9 60-2
,, 10 54 0
,, 11 53-5
,, 12 54.5

Doe 1
,, 2
,, 3
,, 4
,, 5

,, 6
,, 7
,, 8
.. 9
,, 10
,, 11
,, 12

56'0
55.5
700
58'5
66-2
61-7
41-6
40-5
51-2
50'2
46'5
440

Variation in growth-rate of rats upon normal diet.
Time taken to
double initial
weight, in days

13
14
11
13
15
14
13
14
14
21
14
14

13
16
16
16
21
20
15
13
20
39
41
29

Rat No.

Buck 13
,, 14
,, 15
It 16
,, 17
,, 18
, 19
,, 20
,, 21
,, 22
,, 23
, 24
It 25

Doe 13
It 14
,, 15
It 16
,, 17
,, 18
,, 19
,, 20
,, 21
,, 22
,, 23
,, 24
,, 25

Initial
weight

46-0
46'0
63'2
56'7
55-3
55.5
55.7
54'0
49.7
49.3
52-0
55.5
61-0

44.7
530
530
65'1
504
55-2
49-2
54-8
58-0
45'0
49.5
54.4
48-2

Time taken to
double initial
weight, in days

15
15
26
20
20
15
14
15
16
14
14
13
13

16
30
29
56 +
34
34
50
19
26
18
29
22
16



FACTORS IN. DIET.

PROTOCOL I. Weights and Intake of individual Rats of Exp. I.

Weight of Cals. per Weight of Cals. per Weight of Cals. per
Rat No. 100 grms. Rat No. 100 grms. Rat No. 100 grms.

Day _ liveweight _. liveweighti , . live weight
No. A1l A2? A1+A2 B1? B2? B1+B2 CI? C2T Cl+C2
0 37'5 37'0 - 40'0 33'2 - 40'5 30'0
3 39-8 39S3 51'9 45'S 37'0 56'9 43-5 33'0 62'a
6 50'0 42'5 55'0 52'5 41'8 60'9 52'5 41'2 65'5
10 59'5 51-4 62'1 64'2 49'0 56-7 63'0 500 63'0
13 67'0 56'4 63'0 69'0 55'2 66'9 68-0 53'0 66-3
16 69'2 60'0 59'2 73 0 58'0 57'1 71'0 55'5 63'8
20 77'S 69-0 54'3 81'0 67'0 55'6 81'0 65'5 60-0
23 80'5 76'0 56'9 82'0 71'6 50-1 86'2 70'5 64'0
27 83-5 83'5 55'8 82'0 76-7 58'3 92'6 77'7 68'0
31 87'2 91'4 51'4 84-7 79'2 53-1 97'5 84'0 62'5
36 86'5 101'0 44'1 90'5 87-5 58'1 102'2 92'2 60'9

0
3
6
10
13
16
20
23
27
31

DI? D2?

44.4 33'2
47'0 35'2
52-0 38-2
59'0 42'0
59.5 43.4
58-4 43'0
53.5 39.5
50'0 35'0
40'0 t
1 -

52'5
58'3
60'3
558
46-2
37'8
37'8

El? E2?

34'5 38'2
38'0 39.9
41'9 41-8
44'0 44'5
46'0 45'0
45.4 45.5
42'8 42'7
39'2 39'2
30'5 33'6
1 30'5

49'1
57.7
52'5
550
51'0
52'5
40-3

Fl? F2T
38'2 31'0
40 7 35'1
46'2 37-2
47'0 38'4
44'8 38'0
44.4 37.5
40'5 33-2
39'0 29'7
35'0 29'0
1 1'

53-1
57'1
53'1
53.5
45-1
43'2
36'1

PROTOCOL I (a). Average weights, &c. Exp. I.

Calories
Weight of six per 100 grms.
rats with milk live-weight
A+B+C (mean)

218'2
238-1 57'1
2805 60'5
337'1 60'6
368'6 65-4
386'7 60'0

441'0
466'8
498'0
526'0
558'9

56-6
57'0
60'7
55-7
54.4

Calories
Weight of six per 100 grms.

rats without milk live-weight
D+E+F (mean)

219'5
235'9
257-3
274'9
276'7
274'2

252-2
230'1

Remarks

51-6
57.7 -

55-3
54-8 Gain on 13th day:
47-4 With milk 150-4 grms.

=68'9 0/0.
44'5 Withoutmilk57'2grms.
37'7 =26 0/0.

Five out of six of the
rats without milk
were dead before the
31st day.

Average daily intake; vide p. 428.

PH. XLIV.
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Diet, &c.

Pure dietary
+2c.c.milk
per rat per
diem.
The energy
of the milk
taken is in
all cases in-
cluded in
columns 4,
7, and 10.

Pure dietary
alone.

t= death of
animal.

Day

0

6
10
13
16

20
23
27
31
36

30
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PROTOCOL II. Exp. II.
After After,32 After 18 After

Set A Initial 18 days days with- Set B Initial dayswith- 82 days
Rat No. weight with milk out milk Rat No. weight out milk with milk Remarks

1 44-4 74-0 73-5 9 44.3 47-4 77-5 Pure dietary. For the first
2 45-3 74-5 74-6 10 46-1 48-1 78-3 18 days Set A alone had
3 44-6 73-0 72-0 11 44-7 47-8 77-0 3 a.c. of milk per rat per
4 46-5 77-5 75-0 12 4Q-9 50-1 78-0 diem. During the last
5 46-2 76-5 72-1 13 46-7 51-0 76-2 32 days Set B received
6 45-0 78-4 70-3 14 44-9 49-2 75-1 the milk, A eating the
7 42-0 72-0 69-3 15 42-5 46-0 73-4 pure diet only.
8 41-2 70-9 70-0 16 40-7 45-2 74-1 All the rats were bucks.

Aver.-gel} 44-4 74-6 72-2 44-6 48-1 76-2

PROTOCOL III. Exp. III, First Period.
Weight of Cals. per Weight of Cals. per Weight of Cals. per
Rat No. 100 grms. Rat No. 100 grms. Rat No. 100 grms.

Day , . live-weight _ _,- live-weight _ . live-weight
No. H1? H27 perday I17 12? perday J1l J2J -perday

0 41-0 40-0 - 44-1 38-5
3 45-2 43-4 69-5 46-1 40-2
7 45-6 47-3 53-5 47-2 41-7
9 44-8 45-5 60-7 48-3 41-7
12 44-5 46-2 64-7 48-5 40-2
16 40-0 42-2 57-7 48-8 36-0
19 38-0 42-5 46-8 49-5 35-8

K1 K2? L1I L2?
0 41-0 40-0 - 43-4 39-2
3 45-2 43-8 69-7 49-3 42-2
7 52-8 50-8 62-4 57-5 50-0
9 57-1 53-8 73-9 62-0 51-7
12 59-0 57-5 64-8 63-5 59-2
16 60-5 59-0 56-0 65-8 63-0
19 63-5 63-5 49-1 66-6 67-5

PROTOCOL III (a).

51-7 33 0 Pure diet alone.
66-4 53-5 33-2 63-0
58-0 60-2 33-2 56-5
68-4 62-2 37-2 66-1
58-2 62-2 37-3 60-9 -

56-7 63-2 38-7 50-2
49-3 65-5 40-2 43-0 At end of period rat

No. H 1 was mori-
bund & I 2 was ill.

MI M2,T
51-1 33-1 - Pure diet + 2 c.c.

70-5 56-2 35-7 67-6 milk per rat per
66-3 65-2 36-6 51-8 diem.
73-2 71-5- 41-5 67-2 -

67-6 70-5 46-2 59-0
63-8 77-0 52-5 47-2
74-1 86-1 53-3 47-2 On the 19th day rat

No. Li died from
cause unknown.

Exp. III, Second Period.
Weight of Weight of Weight of Weight of
Rat No. Rat No. Rat No. Rat No.

Day I1 12 Calories JI J2 Calories Kl K2 Calories L 2 M 1

19 49-5 35-8 - 65-5 40-2 - 63-5 63-5 - 67-5 86-1

22 50-0 37-8 54-2 65-5 42-8 49-1 66-2 66-7 47-5 69-7 87-7 45-2
26 53-1 42-0 55-0 72-1 49-0 51-4 70-5 73-0 52-5 74-0 92-7 51-2
29 57-5 47-2 48-5 77-5 56-0 51-2 70-8 70-0 38-8 74-7 92-0 43-5
32 58-3 51-0 52-7 83-0 62-2 44-9 71-5 71-2 42-2 75-5 93-7 33-4
36 60-5 57-0 44-9 83-0 67-5 40-9 69-7 70-7 42-2 74-0 94-0 39-1
39 63-7 60-5 49-8 86-0 64-2 39-3 67-2 70-0 36-5 74-6 89-5 33-6
42 67-0 66-2 54-2 91-0 66-5 42-2 70-2 72-8 45-8 75-0 83-0 31-1

Diet, &c.
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PROTOCOL III (b). Average Weights, &c. Exp. III.

Day

0
3
7
9

12
16
19

19
22
26
29
32
36
39
42

Average
weight of
rats H, I, J

41-3
43-6
45-8
46-6
46-2
44-8
45-2

Aveage weight
of I and J

47-8
49-0
54-1
59.5
63-6
67-0
68-6
72-6

Average con- Average
sumption in cals. weight of
per 100 grms. K, L, M

66-3
56-0
65-1
61-3
54-8
46-4

51-7
53-1
49-8
48-7
42-8
44-5
48-1

41-6
45-4
52-1
56-2
58-3
62-2
66-6

Average weight
. of K+L2& Ml

70-1
72-6
77-5
76-9
77-9
77-1
75-3
75-2

Average con-
sumption in cals.
per 100 grms.

72-8
60-3
50-4
63-8
55-6
56-9

46-2
51-9
41-2
37-8
40-5
35-0
38-4

PROTOCOL IV. EXp. IV.

Weight of Cals. per Weight of Cals. per Weight of Cals. per
Rat No. 100 grms. Rat No. 100 grms. Rat No. 100 grms.

Day - live-weight - i---------jive-weight live-weight
No. N1e N2r N1+N2 01? 02? 01+02 P1J P2J P1+P2
0 68-6 69-8 - 92-7 79-2 - 59-5 75-5 -

3 72-5 67-7 52-9 94-0 80-7 45-1 58-0 75-5 50-4 ]
6 72-0 67-5 56-2 96-0 78-7 42-7 62-0 78-0 63-3
10 75-3 72-2 60-0 95-3 74-4 49-1 61-4 81-6 61-8 1
13 78-5 80-7 62-6 99-5 78-7 55-6 69-8 88-9 70-5
17 84-2 84-7 54-1 102-5 84-9 50-8 78-2 90-5 54-1
21 89-1 86-2 54-1 106 4 86-0 52-5 82-3 93-5 61-1
24 85-7 83-7 54-2 107-9 87-0 ,48-5 86-8 93-0 55-9
27 85-6 84-8 47-3 107-9 87-1 35-7 91-0 95-0 54-1
31 85-0 85-2 - 107-9 87-3 - 95-6 99-0 -

Diet, &c.

H, I, J, (six rats) on
pure diet alone.
K, L, M, (six rats) on
pure diet with milk
added.

In second period milk
reversed. Four rats
in each set.

Diet, &c.

N and 0 on pure diet alone.
P, Q, R, & S on pure diet +
milk.
Tp to 10th day 1 c.c. of milk
per rat.
kfterl0th dayP&Qreceived
2 cc. and R & S 3 c.c. of
milk per rat per diem.
)n 31st day N 2 was mori-
bund.

Ql? Q2? Q1+Q2 R1l
0 75-0 93-5 - 69-2
3 77-7 93-5 45-1 68-4
6 77-7 98-5 52-5 72-0

10 80-5 102-5 46-8 75-2
13 89-7 108-3 56-4 82-7
17 100-2 114-0 49-1 90-0
21 110-9 115-5 53-8 93-5
24 119-0 117-0 45-9 98-7
27 124-2 117-0 38-6 99-4
31 131-8 125-0 - 105-0

R2, R1+R2 SI? S2? S1+S2
62-7 - 93-8 75-5 -

61-0 45-3 90-5 77-0 49-7
64-2 47-4 93-2 84-2 54-0
64-2 58-8 94-5 90-0 54-0
68-2 61-5 102-0 99-7 55-3
78-5 59-7 110-0 106-0 47-4
85-0- 63-0 114-4 116 0 59-9
88-1 55-6 120-5 122-6 52-9
89-7 41-4 123-7 124-8 45-0
92-8 - 132-0 134-8 -

457

30-2



F. G. HOPKINS.

PROTOCOL IV (a). Averages Exp. IV.

Average
weight of
N and 0

77'8
78-7
77-3
81-8
86-2
89-1
91-9
91-8
91-7
91'8

Average cals. Average
per 100 grms, weight of

live weight P andQ

- 75.9
49-0 76-2
49-5 77-8
54-6 81-4
59-1 89-2
52-5 95-8
53-2 100-5
51-3 104-0
41-4 106-8
- 112-7

PROTOCOL V.

Average cals.
per 100 qrms.live weight

47.7
57-8
54.3
63-4
51-6
57-4
50-9
46-4

Averageweightof
R and S
75-3

74-2
79-2
81-0
88-1
96-1

102-2
107-5
109-4
116-1

Average cals.
per 100 grms.

live weight

47-5
50-7
56-2
57.9
53-5
61-4
54-2
43-2

Exp. V.
Cals. per Cals. per Cals. per Cals. per

Weight of 100 grms. Weight of 100 grms. Weight of 100 grms. Weight of 100 grms.
Rat No. live-weiglit Rat No. live-weight Rat No. live-weight Rat No. live-weight

"Protene" _ "Protene "- - "Protene" "Protene"
Day V 1{? V2& diet V3? V4? diet V5? V6? diet V7TJ V8 diet

Without Without Without Without
milk milk milk milk

0 35-7 46-0 - 36-7 43-1 - 37-1 37-9 - 38-4 44-7
3 39-2 52-0 48-6 40-0 46-4 38-0 41-0 42-7 51-0 42-0 48-5 36-6
6 42-0 54-7 49-2 41-4 48-0 48-4 43-5 43-6 51-2 39-5 51-0 41-2
10 47-6 60-7 52-8 44-7 48-6 51-6 47-4 45-0 55-6 45-3 55-4 57-8
14 52-4 64-2 54-6 48-4 56-8 56-4 50-0 48-2 56-2 49-3 58-7 52-0
18 59-5 70-5 52-2 50-7 59-5 50-6 54-0 53-4 53-6 51-2 61-0 47-2
21 61-7 73-4 45-6 53-0 64-0 46-8 55-0 57-5 44-0 51-0 61-0 35-6
25 66-0 78-0 42-6 54-0 66-0 41-2 54-5 59-2 43-0 47-0 56-0 32-0

Milk (3 c.c.) Milk (3 c.c.) Milk (3 c.c.) Milk (3c.c.)
for rest for rest for rest for rest

of period of period of period of period
28 72-2 84-2 48-4 57-2 69-0 43-0 58-4 64-5 39-8 45-0 55-0 34-4
32 81-0 93-0 47-6 62-7 74-2 47-6 61-5 72-0 49-6 44-0 55-0 41-4
38 92-0 105-0 46-8 72-5 84-5 50-4 69-0 80-5 46-8 45-7 59-0 45-4
41 95-2 110-0 48-4 77-5 88-0 49-6 73-2 81-0 46-0 47-5 62-0 42-6
45 95-0 109-7 50-6 79-8 89-2 48-0 76-3 82-7 51-6 50-8 62-0 62-6
49 99-7 113-6 47-4 78-2 88-2 47-0 78-9 85-7 52-2 53-5 65-5 60-4

With milk With milk With milk With milk
V9g VIO& (3c.c.) Vli? V12? (3c.c.) ViI? V14? (3c.c.) V15& V16c (3c.c.)

0 37-1 47-0 - 38-1 42-0 - 39-4 42-0 - 39-7 45-6
3 41-5 54-0 50-4 44-5 48-6 42-6 42-0 47-0 46-8 43-0 52-2 45-6
6 46-0 63-2 50-8 50-0 55-2 48-4 46-6 50-5 52-0 47-5 55-0 47-8

10 49-3 78-6 49-0 60-7 67-4 56-6 52-1 57-5 53-6 54-9 63-8 51-6
14 57-5 91-9 51-8 61-2 69-5 58-8 71-4 76-9 52-6 64-4 77-0 54-4
18 65-5 108-0 49-2 67-0 81-0 50-8 78-2 85-0 49-2 73-4 87-0 49-8
21 70-8 117-5 44-0 72-0 85-0 44-2 85-0 89-0 40-0 88-6 90-0 42-4
25 78-2 130-0 42-0 77-5 91-6 42-0 89-0 93-5 42-8 85-2 92-0 42-6

81-0 134-6
82-8 140-7
84-2 135-5
83-2 131-2
77-3 129-1
70-1 123-5

Milk stopped Milk stopped Milk stopped
on 25thiday on 25th day on 25th day

; 40-6 77-5 96-2 46-0 90-7 95-7 45-4 87-5
40-6 80-2 100-5 44-8 94-3 102-0 47-0 90-0
37-0 82-5 96-6 46-8 97-0 107-0 44-4 93-4
31-2 82-2 105-5 51-2 100-7 106-2 45-6 92-0
36-4 80-2 102-8 40-8 100-2 103-2 43-6 88-0

i 46-2 70-2 93-0 47-6 100-0 99-4 43-6 85-2

Milk stopped
on 25tlh day

89-5 44-0
94-0 44-0
92-0 44-2
88-0 42-0
85-9 40-0
85-9 45-4
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PROTOCOL VI. Exp. VI.

Average Average Average
Weight of intake in Weight of intake in Weight of intake in
Rat No. cals. per Rat No. cals. per Rat No. cals. per

100 grms. ,
A 100 grms. 100 grms.

Day VIle VI 2J live-wt. V13e VI 4& live-wt. V156 V16& live-wt.

0 39'0
4 49 0
7 48'2

11 55'0
14 63-5
17 69'5
20 75'2
24 82'7
27 90'0
30 95'0
34 104'8
38 113-2

35.5
47-5
47.9
54'0
61'5
69'5
76-0
83'0
85'5
92'S

104'5
111'3

66'9
41'3
45-5
59'6
52'4
45'2
50'7
52'4
53'0
52-7
50'0

40'7
50o0
53-2
54 0
61-0
64'2
69'0
72-5
75'0
77-5
80'6
83'6

34'0
43.5
42-5
32-7
34.5
40 2
44-2
50'0
52-2
55'2
61-7
66'4

61'9
44'0
34-5
51-'
50O0
44'1
43'0
42'4
41'6
45-4
50'0

43 0
52'5
58-5
63'5
63'2
64'3
69-5
78-7
77-2
83-4
86-8
89'5

39'0
48-0
51'0
49-7
52'0
52'0
53-2
61-7
67'5
71-2
74'6
80-6

62'8
55-8
42'6
41'7
38'1
37'1
46-9
44 -3
41'8
42-9
4140

Diet, &c.

VI 1 to VI 6 on
II Protene " diet
alone.

VI 7J VY18

0 34'S 39 0
4 42-0 47-2
7 47 0 53'0

11 57-5 67-5
14 64-0 74-5
17 66'0 81'0
20 72-4 84'5
24 80-0 96'5
27 87-0 104'2
30 93'2 109-2
34 104'9 122-2
38 114-0 135S0

0

4

7

11
14

17

20

24

27

30

34

42

VI13i VI14&

41-0 36-5
48-0 52'0

59'0 55'8
74'2 69'7

86'0 78'5
950 87'0

101-0 97'0

114'5 112'5
125-0 118-2

13S-0 130'5
140-1 135'1

150-0 145-2

VI 9& VI1O&

- 41'0 31'5
58-2 50'5 39-5
56'2 56'2 46-0
46'0 65'2 57'0
54-5 76'0 57'0
46'1 81'2 64-5
40 0 86'5 73'0
46'0 97'3 85'4
38-0 103-0 97'0
39'0 110-5 103-0
37-9 118-3 117-7
37-4 130'5 128'4

V1 15J VI 16
36'7 36'8

57'9 45'0 500
53'0 52-8 59'5
44-5 61'2 69-0
51'2 68-5 76 0
44-8 70'2 82-2
46'8 75-5 88-7
46'0 82'9 99'4
42'6 91'4 111'0
38'0 101'0 119'5
38-0 114'0 130'2
38'5 117'0 141'0

61'3
64'3
45-9
52'4
46'8
40-2
40'7

42-7

38'6

37-8

38'3

VIll? VI12?
41'0 39'3
1'-7 51-5

61-0 60-0
73-7 70'0
83'7 80-0
92'0 88-5
95'0 93 5
96-9 93'0

100-0 93 0
104-2 94'0
111'6 98'3
1155 100'2

VI 17 $ VI 18 ?

- 39'0 42-4

60-8 53'1 57'0
54-1 62-0 63-7

47.9 75.7 75.7

58'2 83'2 85-1

53'5 88'7 90'5
56-5 93'0 96-4

56-6 98'1 103-5
45.9 100'0 108-4

42'6 100'0 115S0
38-4 102'5 117-8

41-3 100'5 118'2

67-5
53'0

53'0
56-3
53-5
38-8

37-3

36-5
36'2

39'0

39'0

58-2

54-3

50.0
53-5
49'0

37-7

45.5

42'6

34'6

48-2

36'2

VI7-VI 12"Pro-
telie " diet + 2-5
c.c. milk per rat
per diem.

VI 13-VI 18
Protene " diet

t-5 c.c. milk.
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PROTOCOL VI (a). Averages, Exp. Vl.

Average intake
in calories Average

per 100 grms. weight
body-weight VI 7-Vl 12

37-7
63-9 47-1
47-1 53-9
40-9 65-2
50-9 72-5
46-8 78-9
42-1 84-2
46-9 91-5
46-4 97-3
45-5 102-3
47-0 112-2

Average intake
in calories

per 100 grms.
body-weight

62-3
57-8
48-3
54-4
48-8
39.7
41-3
39-1
37.9
38-2

Average intake
Average in calories
weight per 100 grms.

VI 13-VI 18 body-weight

38-5 -
50-8 59-0
58-8 53-8
70-9 47-5
79-5 54.3
85-6 49-1
91-9 47-0
101-8 49*7
109-0 43*7
117-0 38-4
123-3 41-5

PROTOCOL VII. Exp. VlI.o! o,o. C.> .C°-
eCC Y = C < C Q g 3 C

Weight of r W_ (V° Weight of c Weight of c 5* '-4 Weight of
Rat No. Rat No. Rat No. , Rat No.

Day VIIIS V112& 4 V113 II4N VII 5 V116dI

0 81-5 103-5 - 139-0 130-7 - 98-7 111-0 - 109-2 137-0
3 72-5 105-5 48-2 130-7 133-4 48-4 96-0 118-7 - 106-5 139-7
6 73-5 109-0 45-2 140-0 139-0 46-8 101-0 129-2 58-5 104-2 157-0 47-3
9 73-5 112-2 48-4 145-2 144-5 45-2 111-0 141-7 54-6 111-0 165-4 43-0

12 79 0 114-5 53-0 146-7 141-7 55-6 117-0 149-2 52-6 120-5 170-0 52-3
15 82-0 119-8 51-5 146-0 143-0 46-8 120-0 151-5 49-0 131-5 177-2 42-3
19 77-2 114-5 46-2 146-5 141-5 46-8 124-5 155-7 46-2 135-7 190-5 44-5
22 84-5 124-5 39-3 147-4 139-5 45-2 127-0 162-0 44-6 144-2 200-0 37-7
26 85-0 127-2 39-0 155-5 146-7 39-0 147-0 166-2 49-0 150-5 214-0 35-9
29 86-5 121-2 40-5 153-0 148-3 40-2 145-7 175-0 45-4 152-5 215-5 37.9
33 89-5 127-5 36-8 156-0 155-0 43-7 146-0 178-0 46-2 154-5 213-0 37-2
35 91-5 132-0 35-9 165 -0 159-0 42-1 149-5 181-0 45-2 160-0 216-5 35-2
40 94-5 134-5 32-1 164-0 160-5 46-8 157-0 191-0 36-7 164-7 228-0 34-1
43 97-0 135-0 34-5 172-9 165-0 46-8 165-5 202-2 45-1 169-5 234-2 40-4
45 97-5 136-0 36-3 177-0 168-0 46-8 168-9 206-0 42-6 174-0 240-0 39-3
48 103-7 141-0 38-5 185-0 172-2 40-0 171-7 208-7 37-6 183-5 254-5 31-3
52 107-0 141-5 37-7 191-0 181-0 34-6 179-0 219-5 28-0 188-0 266-0 30-3
55 111-0 145-1 39-1 192-7 184-0 32-8 175-2 217-5 30-4 189-0 264-5 28-4
58 117-0 145-1 38-5 198-0 185-7 29-9 180-2 223-7 30-6 194-0 262-0 24-8
61 120-5 150-0 35-2 200-5 189-2 32-8 182-4 229-2 33-5 197-0 268-5 28-7
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Day

0

4
7

11
14
17
20
24
27
30
34

Average
weight

VI1-VI6

38-5
48-4
50-2
51-5
55-9
59-9
64-5
71-4
73-9
79-1
85-5


